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This invention relates to an apparatus and method for forming a shaped component from 
liquid metal alloy, ^ particular, it relates to a method and apparatus for converting 
liquid alloy into semisolid slurry which is injected subsequently into a die cavity to 
produce shaped components. The apparatus and method are applicable to light alloys, 
such as aluminium alloy, m^gnesi^alloy, zinc alloy and any other alloy suitable for 
semisolid processing. 

One of the conventional mJ 
In the conventional d|e 
cavity at such a high 
result, air is often trapped wittiin the cavity, leading to high porosity in the final 
components, which reduces the component strength and can cause component rejection 
if holes appear on the surface alter machining. Moreover, components with high porosity 
are unacceptable because they are usually not heat-treatable, thus limiting their potential 
applications. 




icture metallic components is die casting, 
propess, me liquid metal is usually forced into a mould 
bat the' flowjbecbmes turbulent or even atomised. As a 



20 Intuitively, the porosity due to turbulent or atomised flow could be reduced or even 
eliminated if the viscosity of the meta\ flow could be increased to reduce the Reynolds 
number sufficiently so trapped air is mmimised, somewhat similar to the injecting 
moulding of plastics. However, it was not clear how this could be achieved until the 
early 1970s when Metz and Flemings proposed the concept of semisolid material (SSM) 

25 processing. They suggested that, if metal solidification is carried out in the semisolid 
state, the porosity of castings could be reduced significantly. The study of Spencer et al 
showed that when molten metal is agitated durmg cooling below its liquidus temperature, 
the dendritic primary solid would be broken inta near spherical particles suspended in the 
liquid metal matrix. The exponentially increased viscosity with the solid fraction of such 

30 a semisolid slurry can produce sound castings witmdie casting process. The SSM process 
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improves upon the^ie casting method by injecting semisolid metal rather than fully 
liquid metal into a die cavity for component production. Compared with conventional die 
casting routes, SSM^rocessing has the following advantages: (1) cost effectiveness over 
the whole manufacturing cycle; (2) near-net shape processing; (3) consistency and 
soundness of mechahilal properties; (4) ability to make complex component shapes; (5) 
weight reduction through alloy substitution and more efficient use of materials; (6) high 
production rate; (7) enhanced die life; (8) less environmental cost. The enhanced 
mechanical properties result from the improved microstructural features, such as refined 
grain size, non-dendritic morpli^log/ah^ substantially reduced porosity level. 



Dmising, the major problem remains as 
'^shaped efficiently and reliably. 



Although the concept of SSM tororcssing seen 
how the slurry is produced and now the j 

Since the early 1970s, I mrfntfehof alteratives to the original MIT rheocasting process 
have been developed. Onelof tfle most pOTmar processes currently used is thixoforming, 
in which pre-processed nondendritic alloy/billet are reheated to the semisolid region prior 
to the shaping process. It is therefore a two-stage process. The high cost of pre-processed 
non-dendritic raw materials and oAthe re-heating process are by far the greatest obstacles 
to the development of the full potential of this approach. In addition, plastic injection 
moulding techniques have recently been introduced into the SSM processing field. One 
process is "thixomoulding" for Mg-alloys, which was developed by Dow Chemicals and 
currently marketed by Thixomat, the otner one was developed at Cornell University 
(USA). However, the quality of both semisolid slurries and final components is not 
totally satisfactory. 



25 



30 



During the last 20 years, the most active method of producing semisolid slurry is 
mechanical agitation. Unfortunately, most mechanical stirring methods have not gained 
popularity in industry because of the problems associated with erosion of the stirring 
device, problems with synchronisation of the stirring with the continuous casting process, 
and the inadequate shear rate to obtain fine particR 



• 
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A number of references disclose thixomoulding processes, in which a solid or semisolid 
feed is first processed (for example by heating the feed to liquefy it whilst subjecting it to 
shear) and then injected into a mould to form a component. Examples of such references 
include: EP 0867246 Al (Mazda Motor Corporation); WO 90/09251 (The Dow 
Chemical Company); US 5,711,366 (Thixomat, Inc.); US 5, 735,333 (The Japan Steel 
Works, Limited); US 5,685,357 (The Japan Steel Works, Limited); US-4;694 7 882 (The 
Dow Chemical Company); and CA 2, 164,759 (Inventronics Limited). 

The disadvantage however with heating solid granules in order to convert them into the 
thixotropic state (thixomoulding) rather than cooling liquid metal into the thixotropic 
state (rheomoulding) is that it is very difficult to control particle size and particle size 
distribution in the sub-structure of the thixotropic slurry. Specifically, particle sizes of 
thixomoulded slurries tend to be an order of magnitude larger than those of rheomoulded 
slurries, and to have a wider sized distribution. This has negative implications for the 
structural properties of the casted components. 

Furthermore, the above-mentioned references employ a standard single screw extruder 
for subjecting the thixotropic slurry to shear. The result is a component of low quality. 

A number of references do disclose rheomoulding processes. For example, WO 
97/21509 (Thixomat, Inc.) relates to a process for forming metal compositions in which 
an alloy is heated to a temperature above its liquidus temperature, and then employing a 
single screw extruder to shear the liquid metal as it is cooled into the region of two phase 
equilibrium. 

US 4,694,881 (The Down Chemical Company) relates to a process in which a material 
having a non-thixotropiotype structure is fed in solid form into a single screw extruder. 
The material is heated to a temperature above its liquidus temperature, and then cooled to 
a temperature lower than its liquidus temperature and greater than its solidus temperature 
whilst being subjected to a shearing action. 
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WO 95/34393 (Cornell Research Foun lation, Inc.) also discloses a rheomoulding 
process in which super-heated liquid nietal is cooled into a semisolid state in the barrel of 
a single screw extruder, where it is subjected to shear whilst being cooled, prior to being 
injection moulded into a cast. 



15 



None of the thixomoulding or 
components of a sufficiently high 



rheom6ulding references describe a process which enables 
structural integrity to be formed. 



10 The primary objective of this invent omjsjo provide/Sft apparatus and method which 

converts liquid alloy into its thixotrc jjic statepmjj^irfW integrity components by 

injecting subsequently the thixotrqfcc alloy iko a mould cavity in an integrated one-step 



process. 



Another objective of the invention 
specially adapted for producing sei 



s to provide an apparatus and method which is 
isolid metal alloys with a highly corrosive and 



erosive nature in their liquid or semisolid state. 

Still another objective of the invention is to provide an improved die casting system 
20 suitable for production of high integrity components from semisolid slurry. 



In a first aspect of the invention, there is provided a method for forming a shaped 
component from liquid metal alloy, comprising the steps of cooling the alloy to a 
temperature below its liquidus temperature whilst applying shear at a sufficiently high 
25 shear rate and intensity of turbulence to convert the alloy into its thixotropic state, and 
subsequently transferring the alloy into a mould to form a shaped component, wherein 
shear is applied to the alloy by means of an extruder having at least two screws which 
are at least partially intermeshefl. 
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In a second aspect of the present invention, there is provided a method of forming 3 
semisolid slurry ftom a liquid metal alloy, comprising the steps of cooling the alloy 
below its liquidus temperature whilst applying shear at a sufficiently high shear rate and 
intensity of turbulence to convert the alloy into its thixotropic state, wherein shear is 
applied to the alloy by means of an extruder having at least two screws which are at least 
partially intermeshed. 




ponent of a particularly high 
apply shear to the alloy, the 



The realisation of the present invention 
quality can be formed by employing 
10 screws being at least partially intei 



Preferably, the extruder is a t\vin-screw extruder in which the twin screws are 
substantially fully intermeshed^ 

15 The use of single screw extruders are well known in the art, but the use of a twin screw 
extruder in a process such as this tis thought to be novel. Each screw generally has a 
shaft which is aligned with the barrel of the extruder, and a series of flights or vanes 
disposed along the shaft. These flights or vanes may be connected in a spiral or helical 
manner to form a continuous thread qown the shaft. The form may be varied depending 

20 on the desired effect. 



The at least two screws should be at leadt partially intermeshed. By this it is meant that 
the flights or vanes on one screw should at least partially overlap with the flights or 
vanes on the other screw with respect to the longitudinal axis of movement of the alloy 
25 through the extruder. Thus, in a preferred embodiment, two screws each having a 

continuous spiralled vane down the screw shaft are disposed such that the vanes overlap 
along the "line of sight" of the longitudinal axis^of the shafts, which are aligned with the 
longitudinal axis of the extruder barrel. 



is 
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In a third aspect of the invention, there is provided apparatus for forming a shaped 
component from liquid nuLl alloy, comprising a temperature-controlled extruder able to 
impart sufficient shear andlintensity of turbulence to a liquid metal alloy to convert it into 
its thixotropic state, a shot Assembly in fluid communication with the extruder, and a 
mould in fluid communication with the shot assembly, wherein the extruder has at least 
two screws which are at least partially intermeshed. 

In the fourth aspect of the invention mere is provided an improved die casting system 
suitable for production of high Wtegfiry components/from semisolid slurry, comprising a 
temperature-controlled extmdemble to im^Arfficient shear rate and intensity of 
turbulence in fluid comqnjirica^^ extruder, and a mould in fluid 

communication with the shot assefnbty. \\ 



In the inventive process the steps ot melting the alloy, converting the alloy into its 
15 thixotropic state and injecting the thixotropic alloy into a die cavity are preferably carried 
out at physically separated functional units. The inventive apparatus preferably consists 
of a liquid metal feeder, a high shear twin-screw extruder, a shot assembly and a central 
control system. The rheomoulding process starts from feeding the liquid metal from the 
melting furnace into a twin-screw extruder. The liquid metal is rapidly cooled to the 
20 SSM processing temperature in the firsttoart of the extruder while being mechanically 
sheared by twin-screws, converting the liquid alloy into a semisolid slurry with a pre- 
determined volume fraction of the solid phase dictated by accurate temperature control. 
The semisolid slurry is then injected at a high velocity into a mould cavity through the 
shot assembly. The fully solidified component is finally released from the mould. All 
25 these procedures are performed in a continuous cycle and controlled by a central control 
system. 



The said method can offer semisolid slurries w 
with a large range of solid volume fractions (5 1 



i fine and uniform solid particles and 
to 95%, preferably 15% to 85%). The 
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said apparatus and metnod can also offer net-shaped metallic components with the . 
porosity being close to ^ero. The said method preferably comprises the steps of: 
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(a) providing saia alloy in the liquid state and pouring said liquid alloy to a 
teraperamrc-coytrolled extruder through a feeder; 

(b) converting said liquid alloy to its thixotropic state by the high shear rate 
offered by an extruder with at least two at least partially intermeshed screws. 

(c) transferring said thtaotropic alloy from the extruder into a shot sleeve by 
opening a control valve IocateBvat one end of the extruder; and 

(d) injecting said thixotropic slurry Trom die shoj^leevp into a mould cavity by 
advancing a piston at\uf^ient sr 



Generally, the feeder is used to(: 




the desired temperature to the 



iquick^ 

extruder. The feeder can be a meltiite furnace or a ladle and a connecting tube. The 
feeding hose can be controlled by a v^lve located in the connecting tube, or a positive or 
negative pressure controller. 



Generally, the twin-screw extruder, consisting of a barrel, a pair of at least partially 
screws and a driving system, is adapted to receive liquid metal through an inlet located 
20 generally toward one end of the extruder A Once in the passageway of the extruder, liquid 
alloy is either cooled or maintained at a predetermined temperature. In either situation, 
the processing temperature is above the material solidus temperature and below its 
liquidus temperature so that the alloy is in trie semisolid state in the extruder. 



25 The processing temperature, which as stated depends upon the liquidus and solidus 
temperatures of the alloy, will vary from alloy\to alloy. The appropriate temperature 
will be apparent to one skilled in the art. As aAexample, for the alloy Al-7wt%Si- 
0.5 %Mg (that is aluminium with 7wt% silicon afad 0.5wt% w/w magnesium), the alloy 
should be poured into the extruder at a temperature of from 650°C to 750°C, and should 

30 be processed in the extruder at a temperature of from 560°C to 610°C. 
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In the extruder, thfe alloy is subjected to shearing. The shear rate is such that it is 
sufficient to prevent the complete formation of dendritic shaped solid particles in the 
semisolid state. TTie Waring action is induced by a pair of co-rotating screws located 
within the barrel and \s further invigorated by helical screw flights formed on the body of 
the screws. Enhanced shearing is generated in the annular space between the barreLand 
the screw flights and between the flights of two screws. 



The fluid flow of the liquid 
10 characterised by figure "8 



semisolid slurry in the twin screw extruder is 



/ 



; around the periphery of the screws, which moves from 
one pitch to the next onpr&faiing a (im^ m SLsmptd helix and pushing the fluid along the 
axial direction of thW^crewsJ This inferred as the positive displacement pumping action. In 



this continuous flow field, 



rgoes cyclic stretching, folding and reorienting 



processes with respect to the streamlines during the take-over of the materials from one screw 
to the other one. Meanwhile, fluid flow in the closely intermeshing twin-screw extruder is the 
circular flow pattern on the axial section, which could create high intensity of turbulence for 
low viscosity liquid metals and/br semi-solid metals. In addition, the fluid in the extruder is 
subjected to a cyclic variation on shear rate due to the continuous change in the gap between 
the screw and the barrel, which causes the material in the extruder to undergo a shear 
deformation with cyclic variation of shear rate. Therefore, the fluid flow in a closely 
intermeshing, self-wiping and co-rotating twin-screw extruder is characterised by high shear 
rate, high intensity of turbulence ana cyclic variation of shear rate. 



Unlike the viscous drag-induced typetflow of materials transported in a single screw 
25 extruder, such as employed in prior art processes, the transport behaviour in a closely 
intermeshing twin-screw extruder is to a large extent a positive displacement type of 
transport, being more or less independent of the viscosity of the materials. The velocity 
profiles of materials in a twin-screw extrtider are quite complex and more difficult to 
describe. There are basically four groups offerees. The first group relates to the scales of 
30 inertia forces and centrifugal forces; the second group concerns the scale of gravity force; the 
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third comprises the\scale of internal friction and the fourth group refers to the scales of 
elastic and plastic deformation behaviour of the materials being processed. The principal 
forces acting on the lilauid or semi-solid alloys during the rheomoulding process between two 
screws and between screw and barrel are compression, rupture, shear and elasticity. 



It has been found that shekr rates of 5000- 10,000s* 1 can be achieved with a twin screw 
extruder, which results in greatly improved results. However, if the intensity of turbulence is 
sufficiently high, these improved results can be/achieved with shear rates of perhaps 400s' 1 . 





10 The interior environment of tfteHwin-screw ew^der is characterised by high wear, high 
temperature and complex s1tresk > fes.\The higlWear is a result of the close fit between the 
barrel and the screws as \yel/a$ bk^^en mfe screws themselves. Therefore, a suitable 
material for the barrel ancTscre^s and other components must exhibit good resistance to 
wear, high temperature creep anA thermal fatigue. The interior environment of the 
15 extruder is also highly corrosive apd erosive. This is caused by the high reactivity of 
liquid or semisolid metals such as aluminium which can dissolve and/or erode most 
metallic materials. After intensive tests and evaluation, the present invention has 
developed a novel machine construction which allows highly corrosive and erosive 
materials, such as aluminium magnesium, copper and zinc alloys to be conditioned into 
20 their thixotropic state without any significant degradation of the machine itself. 



The barrel of the twin-screw extruder is constructed with an outer layer of a creep 
resistant first material which is lined by aminner layer of a corrosion and erosion 
resistant second material. Preferably, the outer layer material is Hll, H13 or H21 steel 
25 and the inner layer material is sialon. Bonding of the inner layer and outer layer is 

achieved by either shrink fitting or with a buffer layer between the two. The barrel of 
the extruder can also be constructed with a singly piece of sialon, which is more 
convenient for a small machine. 
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The twin-screw is positioned within the passageway of the extruder. The rotation of the 
screws subjects the moluln alloy to high shear and translates the material through the 
barrel of the extruder. The screw is constructed with sialon components that are 
mechanically or physically bonded together to gain maximum resistance to creep, wear, 
thermal fatigue, corrosionlnd erosion. Additional components of the extruder, including 
the oudet pipe, outlet valvelbody and valve core, are also constructed from sialon. The 
twin-screw extruder is drive^by either an electrical motor or hydraulic motor through a 
gearbox to maintain the desijred^Skjon speed. 




The shot sleeve can be^itheAclSsely ^nhecWwith one end of the extruder or 
separately positioned ijyhV shot assembly to receive the semisolid slurry from the 
extruder. The semisolid sluj/^jhe^hpr^leeve can be injected at high speed to a mould 
cavity by moving a piston through the cfylinder. 



15 A number of preferred embodiments of the invention are described in detail below with 
reference to the drawings, in Which: 

Fig 1 is a schematic illustration W an embodiment of an apparatus for converting liquid 
alloys into a thixotropic slurry aid for producing high integrity components according to 
20 the principles of the present inver 



Fig 2 is a schematic cross-sectionaftview of the twin-screw barrel according to the 
principles of the present invention; 

25 Fig 3 is a sectional illustration of a sc^ew constructed according to the principles of the 
present invention; 



30 



Fig 4 is a schematic illustration of sectidnal flow of semisolid slurry in a twin-screw 
extruder; 
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Fig 5 is a schematic illustration of axial flow of semisolid slurry in a twin-screw 
extruder; 

Fig 6 shows the lAicrostructures of theomoulded Mg-30wt.% Zn alloys of different 

< 7 \ 

5 volume fractions; and 

Fig 7 is a photograph of a rheomoulded casting formed according to the present 



invention. 



10 In the description of the prefd 
by a twin-screw rheomouldmg 
is not limited to i^alloy&^d is equally 
magnesium alloysTzinc| allocs and any 



20 



25 



bodiment which follows, a die casting is produced 
ine from aluminium (Al) alloy ingot. The invention 
any other types of alloys, such as 
ler alloy suitable for semisolid metal 



processing. FurthemorW^^iHC^n^ and temperature ranges cited in the 
15 description of the preferred embodiment are only applicable to Al-alloys, but could be 
readily modified in accordance with the principles of the invention by those skilled in the 
art in order to accommodate other alloys. 



Fig 1 illustrates a twin-screw rheomoulding system 10 according to an embodiment of 
this invention. The system \10 has four sections: a feeder 20, a twin-screw extruder 30, a 
shot assembly 40 and a mould clamping unit 50. A liquid alloy is supplied to the feeder 
20. The feeder 20 is provided with a plunger 21, a socket 22 and a series of heating 
elements 23 disposed around the outer periphery of the crucible 24. The heating elements 
23 may be of any conventional type and operates to maintain the feeder 20 at a 
temperature high enough to ke&> the alloy supplied through the feeder 20 in the liquid 

state. For Al-alloys, this temperature would be over 600°C. The liquid alloy is 
subsequently fed into the twin-scrfew extruder 30 by way of gravity when the plunger 21 
is optionally raised. 
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The extruder 30 hai a plurality of heating elements 31, 33 and cooling elements 32. 34 
dispersed along the length of the extruder 30. The matched heating elements 31, 33 and 
cooling channels 32,\34 form a series of heating and cooling zones respectively. The 
heating and cooling Ames maintain the extruder at the desired temperature, for semisolid 
processing. For a rhe&moulding system 10 designed for Al-alloys, heating elements 33 
and cooling channels 34 would maintain the top part of the extruder at a temperature of 
about 585°C; and heatitag elements 31 and cooling channels 32 would maintain the 
bottom part of the extruder at a temperature of about 590°C. The heating and cooling 
zones also make it possibl&to maintain a complex temperature profile along the extruder 
axis, which may be neceSsar^tofachieve certain microstructural effects during semisolid 
processing. The temperature ctaWri of eachj^ividual zone is achieved by balancing the 
heating and cooling powerlkputs byfa\fe\jraVco^ol system. The methods of heating 
can be resistance hekting^tiuctiqn-neating or any other means of heating. The cooling 

I on the processing requirement. While only 
; 1, the extruder 30 can be equipped with from 
1 to 10 separately controllable^ heating/cooling zones. 



media may be water, gaso?' 
two heating/cooling zones ad 



20 



The extruder 30 also has a physical slope or an inclination. The inclination is usually 
from 0 to 90° and preferably from 20 to 90° relative to the shot direction. The 
inclination is designed to assist the transfer of semisolid alloy from the extruder 30 to the 
shot sleeve 42. 



The extruder 30 is also provided with twin-screw 36 which is driven by an electric motor 
or hydraulic motor 25 through a geai! box 26. The twin-screw 36 is designed to provide 
25 high shear rate which is necessary to achieve fine and uniformly distributed solid 
particles. Different types of screw profiles may of course be used. In addition, any 
device which offers high shear mixing a\id positive displacement pumping actions may 
also be used to replace the twin-screw. 
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The thixotropic allo\ exits the extruder 30 into a shot assembly 40 through a valve 39. 
The valve 39 operate&in response to a signal from the central control system. The 
optional opening of valVe 39 should match the process requirements. Injection of the 
thixotropic alloy is made by a piston 41 positioned in the shot sleeve 42 through hole 44 
into a mould cavity 51. The position and velocity of piston 41 are adjustable to suit the 
requirement by different processes, materials and final components. Generally, the shot 
speed should be high enoigh to provide enough fluidity for complete mould filling, but 
not too high to cause air entrapment. 



10 As shown in Fig 1, heating 
sleeve 42. In the preferred^ 
alloys, the shot sleeve ps 
temperature to mair 



eleJ^efct ^3 is ajso provided along the length of the shot 

ient[^Mh/ fhewnoulding system for processing Al- 
ly maintained at a temperature close to the extruder 
y in Us~pradetermined semisolid state. 



15 The mould clamp 50 is used tt> form mould cavity 51. Therefore, it preferably consists of 
two half dies 52, fasten elements 53, the running system 54 and the heating elements 55 
to keep the dies at a required temperature. 



Fig. 2 is a schematic sectional illustration of the barrel as used in the preferred 
20 embodiments, which consists of afa outer steel shell 37 and a sialon liner 38. The sialon 
liner 38 can be shrink fitted into thfe outer shell 37 by the different coefficients during 
thermal expansion. The temperature\for shrink fitting the cold sialon liner 38 into the 
heated steel shell is chosen in such a Way that a tight fit between the barrel and its liner is 
achieved at the processing temperaturd to guarantee efficiency of heat transfer. The 
25 sialon is chosen here as the barrel liner to provides good wear, corrosion and erosion 
resistance, while retaining the necessary Wength and toughness at the processing 
temperature. For barrels of small size, a ope piece (integral) sialon construction may be 
utilised. 
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Fig. 3 is a sectional Wustration of a screw constructed according to the principles of the 
present invention, lie screw 36 for the rheomoulding system 10 can be fabricated as a 
mechanical assembly! of sialon screw sections with proper profiles. Components 46, 48 
with the desired profile are assembled together and then installed onto a shaft 47 with the 
required alignment. Preferably, a tight assembly with a small tolerance is employed. For 
small size screws, a irionoMic sialon screw could be utilised. 

Fig. 4 and 5 respectively illustrate the sectional and axial fluid flow in a twin screw 
extruder according to thl^ present invention. 

Fig. 6 illustrates a microsWucn^e ttone semisoffl^aiy of Mg-30wt. %Zn produced by 
said apparatus. SpecifioanJrW^otog microstructure of an alloy 

having 40% solid fraction, Which confirms^hat the inventive rheomoulding process is 
capable of producing semiso^w^/ineijd Uniformly distributed particles. 

Fig. 7 illustrates a casting produced by said apparatus from an alloy of Mg-30wt. %Zn. 
Testing confirms that the produced casting has lower porosity than that of conventional 
castings. 

The embodiment may also containV device attached to the feeder 20 to apply pressure to 
the liquid alloy for the supply of liquid alloy from feeder 20 to extruder 30 when the 
feeder 20 is positioned below the exttuder 30. Such a pressure should be accurately 
controlled to ensure that the right amount of liquid alloy flows from feeder 20 to the 
extruder 30. 

The embodiment may also contain a devicfe attached to the feeder 20, extruder 30, shot 
assembly 40 and mould clamp 50 to supplyVotective gas in order to minimise oxidation. 
Such a gas may be argon, nitrogen or any other appropriate gas. 
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Generally, the rheomouldir g system has a control device to control all functions. - 
Preferably, the control device is programmable so that the desired solid volume in the 
semisolid state may be achieved easily- The control system (not shown in Fig 1) may, for 
example, comprise a microprocessor which may easily and quickly be reprogrammed to 
change the processing parameters. 



EXAMPLE 



10 



15 



20 



Industrially pure magnesium 
30wt. %Zn melt in the furnace, 
predetermined temperature wit 
extruder at 410°C and sheared id 



^zinc with > 99% purity were used to form a Mg- 

was kept in a graphite crucible at a 
20 d &\)verheat. /Tfl^ melt/Was then feed into the 

te of lOOOs^^foi^^econds to convert the melt into 
transferred into the shot assembly by 



a semisolid slurry. The selp^IraJslurry w; 

opening the valve at one end oftatruder and Vjhsequently moving the piston forward to 
inject the semisolid slurry into the temperature controlled die. After it was completely 
cooled, the casting (Fig. 7) was rkeased from the die. The sample was cut from casting 
and a standard metallograpical technique was used to grind and polish. Microstructural 
examination was carried out using pptical microscope and the result was shown in Fig. 6, 
in which the particle is the primarylphase solidified and sheared in the extruder. 

While the particular embodiment according to the invention has been illustrated and 
described above, it will be clear thatlthe invention can take a variety of forms and 
embodiments within the scope of the Wended claims. 
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